Background--New-onset atrial fibrillation (NOAF) after coronary artery bypass graft is related to an increased short-term risk of stroke and mortality. We investigated whether the long-term risk of stroke is increased.
S
troke is one of the most calamitous complications associated with cardiac surgery. In the specific context of coronary artery bypass graft (CABG), new-onset atrial fibrillation (NOAF)-where patients develop a usually transient episode of atrial fibrillation (AF) during the index hospital stayhas been strongly associated over the short term with increased stroke and mortality risk. 1, 2 Even when treated, AF is known to recur to some degree over the long term, and NOAF has been linked with increased long-term mortality. [3] [4] [5] [6] More recently, some studies have associated NOAF with increased stroke risk over a longer postoperative period, although some have been more circumspect or inconclusive in their findings. 3, 4, 7 We hypothesized that there was an increased long-term stroke risk associated with development of NOAF in the post-CABG population. The aim of our investigation was to undertake a systematic review and meta-analysis of existing prospective and retrospective studies in order to investigate the change in this risk at a 6-month or greater time period postoperatively, in patients post-CABG without a history of AF who developed NOAF in the hospital compared with those who did not develop NOAF.
Methods
The data, analytic methods, and study materials have been made available to other researchers for purposes of reproducing the results or replicating the procedure. 8 This review was registered with the PROSPERO (International Prospective Register of Systematic Reviews) (CRD42017059482) and follows the MOOSE (Meta-analysis Of Observational Studies in Epidemiology) guidelines for meta-analysis reporting. 9 Articles for review were retrieved by searching the databases MEDLINE (1946 to February 2017), EMBASE (1947 to February 2017), and CENTRAL (January 2012 to January 2017) on the date February 13, 2017 using the key terms "stroke" AND "cardiac surgery" AND "atrial fibrillation" with associated MeSH and EMTREE headings (Table S1 ). From this selection duplicates were removed, leaving 3786 citations. All published studies that evaluated the incidence of stroke after 6 months or more in patients with NOAF after CABG with or without valve surgery were identified. Citations were screened at title and abstract by 1 investigator (M.M.) and 3763 were excluded as inappropriate. Three further articles were identified from the bibliographies and reference lists of these results. Twenty-six articles were assessed by 2 reviewers (M.M. and V.T.) for applicability at full text using the Rayyan tool. 10 Conflicts were resolved by consensus. Relevant articles included patients who were undergoing cardiac surgery and who did not have a previous history of AF; these articles collected data on the presence or absence of postoperative NOAF. We excluded articles in languages other than English, uncontrolled studies, and studies of special populations such as within-disease-group comparisons. We did not exclude conference abstracts. Studies of patients that did not explicitly exclude patients with preoperative AF were removed to determine only the risk of NOAF; we contacted investigators where this criterion was uncertain. Data were extracted by 1 investigator (M.M.). We collected information on principal author, year of publication, study design, and number of patients enrolled. We noted whether studies were on patient populations undergoing isolated CABG, or were on mixed populations: those undergoing CABG with a concomitant procedure such as valve surgery. For both long-term stroke and mortality, we collected event counts and/or effect size data with associated confidence intervals where available. Where effect sizes were reported as an adjusted metric, we extracted the variables used in this adjustment.
Assessment of study quality and bias was undertaken using the SIGN tools. 11 Retrospective cohort studies were taken as having lower methodological quality than prospective cohort studies. Publication bias was assessed graphically through the creation of funnel plots of study point estimates against precision, and explored further for small study effects using Egger's test. 12 Egger's test is a regression-based test of the null hypothesis that a funnel plot is symmetrical about the line x=0. Greater magnitude of the regression line x-intercept determined with Egger's test indicates a higher degree of plot asymmetry, commonly taken as significant at the 5% level. Statistical analysis was performed using the STATA/IC 14.2 statistical package. We initially studied the relationship between NOAF and long-term stroke, treating stroke at 6 months or greater after CABG as a single end point. Because CABG-associated stroke is a rare event, the assumption was made that when comparing NOAF and no-NOAF groups, hazard ratio, relative risk, and odds ratio would converge with negligible difference, enabling data pooling across studies. These outcomes were pooled on the log-scale using DerSimonian-Laird random-effects model with the inverse-variance calculation method, with the pooled effect exponentiated and resulting effect size (ES) reported on the original scale as a ratio, where ratio >1 indicates increased risk. Random-effect analysis was prespecified in preference to a fixed-effects model as it was assumed the located studies would sample different populations and hence in reality estimate different mean ESs. The random-effects model assumes that different studies estimate a distribution of ESs and hence is more appropriate for meta-analysis including varied populations. In studies that required relative risk or odds ratio calculation from binary data but included arms with zero events, 0.5 was added to all cells. A secondary analysis utilizing a fixed-effects model was conducted to complement the random-effects approach.
Heterogeneity was assessed using the I 2 statistic, which describes the percentage of variation across studies that is caused by heterogeneity rather than sampling and is known to be insensitive to small numbers of included studies. 13 In order to explore possible sources of heterogeneity where present, we planned to undertake subgroup sensitivity analyses based on prespecified characteristics that could explain these differences between studies: study design, study quality, and type of surgery. Interaction between strata in the sensitivity analysis was assessed on the log scale using z-test logic. We also planned to perform random-effects metaregression of the data based on common study variables such as age, sex, diabetes mellitus status, and hypertension status.
Clinical Perspective
What Is New?
• The development of new-onset atrial fibrillation in patients post-coronary artery bypass graft is associated with a higher risk of stroke during long-term follow-up (median follow-up %2 years) compared with those without atrial fibrillation.
What Are the Clinical Implications?
• Longer-term monitoring may be required in patients with new-onset atrial fibrillation post-coronary artery bypass graft, and further studies should be undertaken to determine whether anticoagulation decreases stroke risk in this population.
Results

Excluded Studies
Of the 26 reports located through the literature search that were assessed at full-text, 4 studies were excluded because of reporting on inappropriate outcomes such as only in-hospital stroke or combined end points. 5,14-16 Two did not stratify stroke outcomes by NOAF presence. 17, 18 Two did not exclude preoperative AF. 19, 20 One article reported only on a strokerelated mortality end point. 21 One was a conference abstract initially published under 1 author that was subsequently published under a different first author. 22 The studied population was unclear for 1 article; after correspondence with the author, this was deemed an appropriate study for inclusion. 4 
Included Studies
We included 16 studies in this meta-analysis ( Figure 1 ) comprising 108 711 participants with a median follow-up period of 2.05 years. Three studies reported on ischemic stroke incidence 3,23,24 and 13 on an outcome encompassing both ischemic and hemorrhagic stroke. 4, 7, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Full characteristics of each study were detailed further (Table S2) .
Bias Analysis
Two citations included in this review were unpublished conference abstracts. The risk of bias in these studies was unclear from the information available. One study shared an aim and design similar to a later full article by the same group but on a different population. 32, 33 In the meta-analysis phase of this review, exclusion of these abstracts formed part of a subgroup sensitivity analysis. Reporting on measures affecting attrition bias was incomplete in 1 study. The Konstantino group excluded 14/161 patients from their analysis who were lost to follow-up, with no comparison between characteristics of this group and those that remained in the study cohort. 26 Detection bias was an issue affecting some studies. Multiple groups did not clearly define the stroke outcome, opting for definitions such as "stroke" or "neurological event." 3, 26, 27, [31] [32] [33] [34] [35] This may have been because of the study design in some cases, such as those requiring self-reporting, another potential source of bias.
Overall, cohort studies performed well in minimizing the risk of selection bias-drawing consecutive patients from the same population-and all studies assessed major known confounding variables.
The single randomized clinical trial from 1987 located in the literature search had the same detection bias problem common to the cohort studies: a lack of standardized outcome measurement. 34 Blinding and concealment methods were unclear for this study. Graphic representations of the respective individual judgments per study item and summary domains were created ( Figures S1 and S2) . One study not included in these figures because of differing design is that by the Rubin group. 34 This was a small study with unclear selection, randomization, and blinding methods; it was judged to be of low-quality evidence.
Combined Analysis
A pooled analysis was undertaken of unadjusted ( Figure 2A ) and adjusted ( Figure 2B ) studies reporting on long-term risk of stroke. Both study formats showed an increased long-term risk of stroke in the presence of NOAF using both randomeffects (unadjusted studies ES=1. Figure 3B ). A secondary pooled analysis was undertaken of unadjusted and adjusted studies reporting on long-term risk of mortality. moderate heterogeneity in studies reporting adjusted data (v 2 =14.06, P=0.007, I 2 =71.6%). Publication bias was not assessed for this secondary outcome.
Sensitivity Analysis and Meta-Regression
A subgroup analysis was undertaken on the unadjusted data, stratified by study quality, study design, and surgical population ( Figure 4) . Stratification by quality and design resulted in increased heterogeneity in the respective goodquality and retrospective study arms; however, when analyzed by surgical population, there was a decrease in heterogeneity in both the CABG-only and mixed CABG/valve arms (I 2 =0.0% and 18.2%, respectively). Patients with NOAF in the CABG-only stratum were determined to have an increased risk of long-term stroke when compared with those without NOAF (ES=1.54, 95% CI, 1.33-1.78, P<0.001). This risk, although still increased, was lower in the mixed stratum (ES=1.14, 95% CI, 1.01-1.28, P=0.03). The absolute difference on the log-scale for NOAF-associated stroke risk between these 2 latter strata was 0.30 (I 2 =89.8, P<0.01).
Similar results were obtained when comparing poor-versus good-quality studies (difference in log-ES 0.73, I 2 =88.2, P<0.01) and prospective versus retrospective studies (difference in log-ES 0.89, I 2 =88.3, P<0.01).
With respect to the unadjusted study data, univariable random-effects meta-regression by mean participant age and reported stroke risk factors such as diabetes mellitus and smoking history did not detect an association with an increase in NOAF-related stroke risk, with confidence intervals overlapping the null-effect line. Meta-regression by proportion of male participants (0.013, 95% CI, 0.0002-0.027, P=0.046) suggested that studies that included more males detected more stroke events (Table) .
One study with adjusted analysis that only included patients with NOAF persisting at discharge was included in the meta-analysis. 35 As this population was slightly different from that of other studies (where NOAF was absent by time of discharge), an additional analysis excluding this study was performed to determine the result of this study on the main outcome, with minimal effect detected (ES=1.25, 95% CI, 1.08-1.45, P=0.003).
Discussion
The results of this meta-analysis describe an association between NOAF occurring after isolated cardiac bypass surgery or combined bypass surgery and valve replacement and an increased long-term risk of stroke. The heterogeneity in study results was moderate in both studies that did not adjust for prognostic covariates and studies that did. The heterogeneity was partially explained by differences in study quality and the characteristics of the studied populations. Studies that included a higher proportion of males generally reported a higher risk of NOAF-associated stroke, although this was a weakly significant interaction with a small effect. A recent study on the short-term risk of NOAF-related stroke determined that there was no significant association between sex and risk over this briefer time period. 36 The adverse effects of NOAFs are in line with the results of NOAF occurring in the context of other cardiac surgeries. Two studies found that patients undergoing isolated bioprosthetic aortic valve replacement were at higher risk of NOAFassociated long-term stroke. 37, 38 One meta-analysis of patients who had undergone CABG detected a similarly increased NOAF-associated long-term mortality risk (odds ratio 2.19, 95% CI, 2.14-3.08) at 1-year follow-up. 6 Interestingly, our analysis showed that studies of isolated CABG reported a higher risk of long-term stroke than studies that did not differentiate between patients undergoing isolated CABG or who additionally underwent valve surgery. Considering that those studies included up to 80% isolated CABG patients, this difference was an unexpected finding. Mixed surgical population studies were uniformly large-scale retrospective analyses, whereas studies on isolated CABG populations included a number of prospectively designed studies; the latter studies tended to detect a larger effect and it is perhaps the absence of prospective study types in the mixed population group that contributes to the apparent difference in detected risk. Another explanation may be that the requirement for anticoagulation in patients who undergo valve surgery mitigates the risk of cardioembolic stroke associated with NOAF in the patients undergoing combined procedures. One study in this analysis noted the prevalence of ongoing anticoagulation, but across other studies this aspect was not reported explicitly, making it difficult to infer the effect this has on NOAF-associated stroke risk. 30 Both prospective studies and studies of poorer quality-2 subgroups of studies that largely overlapped-demonstrated a significantly higher NOAF-associated stroke risk compared with retrospective and higher-quality studies. This may be because poorer-quality studies tended to have a weak definition of stroke and hence were likely to capture more incidences of this outcome. Limitations of this study include those common to all metaanalyses. Where effect variation because of heterogeneity between studies is high, it may not be appropriate to statistically combine them, and even where effect variation because of heterogeneity is statistically low, it may still be inappropriate to compare studies on populations differing in outcomes, adjustment variables, or inclusion/exclusion criteria. In the studies we identified, effect variation because of heterogeneity was moderate and somewhat explained by subgroup analysis on the surgical population studied. The proportion of male participants within each study was associated with an increase in NOAF-associated stroke risk. 
Conclusion
NOAF after CABG is associated with a long-term increased risk of stroke and mortality compared with populations with no NOAF. Further research is required to determine whether this increased risk is mediated by AF and whether anticoagulation decreases risk. Longer-term monitoring may be required to assess the need for anticoagulation in patients with NOAF. Future studies in the domain must unambiguously describe stroke outcomes where measured. 2) (atrial adj4 fibrillat*).mp.
3) (auricular adj4 fibrillat*).mp.
4) (supraventricular adj4 fibrillat*).mp.
5) supraventricular tachycardia/ or tachycardia, ectopic atrial/ 6) (supraventricular adj4 tachycardia).mp. 10) (heart adj4 surg*).mp.
11) (coronary adj4 surg*).mp.
12) (coronary adj4 bypass).mp.
13) CABG.mp.
14) (valve adj4 surg*).mp. 2) (atrial adj4 fibrillat*).mp.
